In a supersymmetric left-right symmetric model, inflation, baryogenesis (via leptogenesis) and neutrino oscillations can become closely linked. A familiar ansatz for the neutrino Dirac masses and mixing of the two heaviest families, together with the MSW resolution of the solar neutrino puzzle, imply that 1 eV < ∼ m ντ < ∼ 9 eV. The predicted range for the mixing angle θ µτ will be partially tested by the Chorus/Nomad experiment. The CP violating phase δ µτ is also discussed.
in MSSM is tan β, the ratio of the vacuum expectation values of the two higgs doublets.
Among other things, an understanding of this parameter can shed light on the mass of the Weinberg-Salam higgs. iii) It has become increasingly clear that a combination of both 'cold' and 'hot' dark matter (CHDM) provides [1] a good fit to the data on large scale structure formation, especially if the primordial density fluctuations are essentially scale invariant. In MSSM, there is no HDM candidate, even after including non-renormalizable terms. iv) It has been impossible, so far, to implement inflation within MSSM. v) Last, but not least, it is not easy to generate in MSSM the observed baryon asymmetry through the electroweak sphaleron processes.
Remarkably, all these challenges can be overcome in one fell swoop by considering a modest extension of the MSSM gauge symmetry to H ≡ SU(3) c × SU(2) L × SU(2) R × U(1) B−L . Of course, it is anticipated that H is embedded in a grand unified theory such as SO (10) or SU(3) c × SU(3) L × SU(3) R . Apart from aesthetics, there are tantalizing hints from the extrapolation of low energy data for the existence of a supersymmetric unification scale ∼ 10
16 GeV. The details on how the extension of MSSM to an H-based model can resolve the points above will not be discussed here, especially since an inflationary scenario based on H has been considered in some detail elsewhere [2, 3] . This scenario gives rise to an essentially scale invariant spectrum (spectral index n ≃ 0.98), and contains both 'cold' (LSP) and 'hot' (massive neutrinos) dark matter candidates. The observed baryon asymmetry is generated through partial conversion of a primordial lepton asymmetry [4] .
Finally, the parameter tan β is close to m t /m b , which also explains why the higgs boson of the electroweak theory has not been seen at LEP II. Its tree level mass is M Z which, after radiative corrections, becomes m h • ≃ 105 − 120 GeV.
The inflationary phase is associated with the gauge symmetry breaking SU(2) R ×
Of course, since H is presumably embedded in some grand unified symmetry, there may well be more than one inflationary epoch. We concentrate on the last and most relevant one. The above breaking is achieved by a pair of SU(2) R doublet 'higgs' superfields which have the same gauge quantum numbers as the 'matter' right handed neu-trino superfields. As a consequence, the inflaton decays primarily into 'matter' right handed neutrinos via quartic (or higher order) superpotential couplings. The 'reheat' temperature, T R , turns out to be about one order of magnitude smaller than the mass of the heaviest right handed neutrino that the inflaton can decay into. The gravitino constraint on T R ( 10
9
GeV) allows us to restrict the second and third family right handed neutrino masses M 2 , M 3 in a fairly narrow range. Our approach poses no obvious constraint on the first family right
together with the leptogenesis scenario will enable us to restrict the oscillation parameters of the ν µ -ν τ system [5] .
We consider the 2
where the superscripts L,D and R denote the charged lepton, neutral Dirac, and right
where the diagonal entries are positive. This gives rise to the 'Dirac' mixing matrix U ν † U L in the leptonic charged currents. Using the remaining freedom to perform arbitrary phase transformations on the components of L ′ , ν ′ together with the compensating ones on the
where
is the 'Dirac' (not the physical) mixing angle in the 2-3 leptonic sector.
In this basis, depicted with a double prime on the superfields, the Majorana mass matrix can be written as:
, with M 2 , M 3 (both positive) being the two Majorana masses, and U is a unitary matrix which can be parametrized as
with 0 ≤ θ ≤ π/2 and 0 ≤ δ < π. The light neutrino mass matrix, to leading order in
where M D ′ is defined in eq. (2). We can express m as
where 0 ≤ ϕ ≤ π/2 , 0 ≤ ǫ < π.The 'Dirac' mixing matrix in eq. (3) 
where 0 ≤ θ 23 ≤ π/2 , 0 ≤ δ 23 < π. Here, θ 23 (or θ µτ ) is the physical mixing angle in the 2-3 leptonic sector and its cosine equals the modulus of the complex number
where respectively. Since ξ remains undetermined (see below), the precise values of θ 23 and δ 23 cannot be found. However,we can determine the range in which θ 23 lies:
The double valued function δ 23 (θ 23 ) is also determined.
We will denote the two positive eigenvalues of the light neutrino mass matrix by m 2 (or
Recall that all the quantities here (masses, mixings, etc.)
are 'asymptotic' (defined at the GUT scale). The determinant and the trace invariance of
provide us with two constraints on the (asymptotic) parameters which take the form:
where θ, δ are defined in eq. (5) , c = cos θ , s = sin θ.
We now need information about the quantities m 
Of course, the SU(4) c symmetry is not expected to hold in the down sector of the second family.
Contact with experiment can be made after renormalization effects have been taken into account. The pair of MSSM higgs doublets is assumed to belong to the (2, 2) representation of SU(2) L ×SU(2) R , implying that tan β ≃ m t /m b both 'asymptotically' and at low energies.
The light neutrino masses, in this case, can be obtained by dividing the right hand side of eq.(6) by a factor of 2.44 [6] . Eqs. has been considered in ref. [6] . The net effect is that sin 2 2θ 23 increases by about 40% from
In view of the lack of a compelling alternative theoretical framework, we will assume the hierarchy m 1 ≪ m 2 ≪ m 3 . We will thus restrict m 2 in the range 1.7 × 10 −3 eV m 2 3.5 × 10 −3 eV, as allowed by the small angle MSW solution [8] . We now recall a few salient smaller than m inf l /2, the inflaton decays predominantly into the heaviest of the two. Then, eq.(12) and the cosmological bound m 3 23 eV [9] require the smallest allowed mass of the heaviest right handed neutrino to be ≃ 9.4 × 10 10 GeV giving T R 10 10 GeV, in clear conflict with the gravitino constraint. Consequently, we find that
where the upper bound comes from the requirement that the coupling constant of the nonrenormalizable superpotential term ν c ν cφφ , which provides mass for the right handed neutrinos, should not exceed unity. Thus, M 3 is restricted in a narrow range, and the inflaton decays into the second heaviest right handed neutrino.
The lepton asymmetry is generated by the subsequent decay of this neutrino and is given by [4] 
where v is the electroweak VEV at M GU T . Substituting U from eq. (5), we get
Here we can again replace m The discussion above can be extended to yield useful information for θ µτ . For each allowed pair m 2 ,m 3 and, for every value of θ in the allowed range, we construct ϕ and ǫ in eq. (8) . The phases α 2 and α 3 in eq. (5) remain undetermined by the conditions (12), (13) and, consequently, β 2 ,β 3 in eq. (8) and ξ in eq. (10) can now be constructed. We choose M 3 = m inf l /2, m 2 = 2.6 × 10 −3 eV, m 3 = 4 eV, Ω B h 2 = 0.025 and solve for θ. We find two solutions and, for each one of them and any
, we calculate θ µτ and δ µτ = ξ + ρ − λ. Eliminating ξ, we obtain the function δ µτ (θ µτ ) in the region of eq.(11). This function turns out to be double valued-the sum of the two branches equals 2ǫ-and is depicted in Fig.3 , for both values of θ, after renormalizing θ µτ . The θ µτ 's excluded by E531, for m ντ = 4 eV, are also indicated and lie to the right of the E531 line.
In conclusion, we find that a modest extension of MSSM to SU(3) c ×SU(2) L ×SU(2) R × U(1) B−L can yield significant new results by tying together a number of apparently unrelated phenomena. In particular, inflation can be realized, the spectral index n ≃ 0.98, we get both 'cold' (essentially bino) and 'hot' (ν τ ) dark matter, while the ν τ mass and ν µ -ν τ mixing is within reach of present and planned experiments. In the simplest scheme, the atmospheric neutrino anomaly remains a mystery.
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